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INTRODUCTION

he secondary aim of the work "Aircraft Icing Processes",

now in its second year, is the desing construction, and

testing of an icing simulator, and a system for measuring

parameters.

The purpose of this is to obtain a system capable of

producing ice on a circular, or aerodynamic profil., section

under known conditions in order to check experimentally tne

analytical results obtained in the primary aim of the work

(theoretical studies).

Thus, in the simulator, we have attempted to oocain

incidental flow conaitions on tne test model as similar as

possible to those set out in the mathematicai Model of the

theoretical study: a laminar, bidimensional, incompressible,

airstream.

In the choice of the simulator we took into account the

above mentioned conditions and tried to avoid unnecessary

mechanical complications in the construction and assembly.

For these reasons we rejected the simulator mentioned in

the "Final Scientific Report" of 15th July 82/14th Sept. 63,

consisting of a bar rotating around an axis perpendicular to

itself in the appropiate environmental conditions.

In this simulator the mechanical complications are

evident and to obtain the conditions for the sream around

the model appears quite difficult.

We thought of an easy to manufacture simulator where a

biaimensional quasilaminar current could be obtained and the



decision was taken that the simulator would be an icing

tunnel.

It would be an open circuit tunnel with a closed test

section with a test model refrigerated from the interior,

where speeds similar, or assimilable to those of an aircraft,

always of course in subsonic incompressible circunstances,

could be obtained.

Prior to begining the desing consultations took place

with those responsible for the various wind tunnels existing

in the INTA: the subsonic and supersonic wind tunnels in the

Aerodynamic and Navigability Department and the very low

speea wind tunnels for contamination tests in the Energy and

Propulsion Department, in order to ascertain the advantages

and aisadventages of the systems to be chosen.
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I ICING TUNNEL DESING

For the desing of the icing tunnel we consulted two

sources: "Aerodinamique experimental" by P. REBUFFET and

above all, "Low speed wind Tunnel Testing" by A. POPE and J.

HARPER

Below is a description of each part of the tunnel, with

tne reason for having being designed in that particular way.

i.1 TEST SECTION

In order to decide the form and dimensions of the

section tne following parameters have been taken into

1: Diameter of the cylindrical test model.

2. Streamflow which can be obtained by the ventila-

tors existing in the market.

3. Required speed.

The diameter of the test model is 40 mm and thus, in

order tu avoid wall effets, a ratio diameter of test model,

height of tunnel, of ten seemed reasonable, fixing the first

dimension.

Height of tunnels, Hm = Om x 10

Hm = 40 x 10 = 400 mm

The volume of air is limited to 5 m 3/s equal to

18.000 m 3/h by the power and pressure of the ventilator, and

speeds of 50-60 m/s are wanted.
4

A circular section tunnel and a test section witn a

diameter of 400 mm, was thought of, which would avoid havingU

V
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other section changes in the length of the tunnel than area

changes, this producing a more uniform jet, but he folloding

difficulties were found.

1. In order to obtain a speed of 50 m/s in the test

section the necessary flow of air would be

Q :V x A

v 60 m/s

A =TT7 r 0.126 m2

therefore:

Q 60 x 0.126 7.5 m3/s

which is clearly superior to the limit fixed.

2. if we maintain the flow -t 5 m 3 /s the speco that would

be obtained is:

V Q/A

Q 5 m3 /s

A 0.126 m2

v 5/0.126 = 39.7 m/s

which is inferior to the speeds wanted in the testing

section.

Adaed to this is the fact, in the case of a circular

section, the non-useful zone of the test model is too large.

Bearing this before, together with the fact that to

obtain a bidimensional flow the height must greater than the

width, we opten for a rectangular section with a height of
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400 mm. The width is fixed by the volume of air per time unit

and the speed required

Q V x h x w

Q = 5 m3/s

v = 60 m/s

h =0.4 m

w = 5/(60 x 0.4) = 0.208

Therefore:

w = 200 mm

In this section the ratio height/width is 2, and

6 it' s possible to have a bidimensional flow in the test

section.

Once the section and its dimensions nave been

determined, and bearing in mind the common practice,

according to Pope, tnat the length of the test section should

be one to two times the size of the larger dimension, the

ratio 1.5 was taken as valid and the length of the test

section is 600 mram.

This we have a rectangular section of 400 x 200 x

600 mm., in the centre and throughout the width of which,

goes the test model.

The manufacturing drawings, are in Annexo I! anJ

are: 84-023.A/2, A/2-1, A/2-2. A/2-3 and A/2-4.

The material of the test section is transparent

metacrilat and has been chosen precisely be cause of its

transparency, as this it's possible to follow the experiment

visually.

I
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This is exceptionally interesting in this case as

we can see the layer of ice as it forms and stop tne

expeciLnent when convenient.

1.2 THE COLLECTOR

The collector, or entrance cone, is the part of the

tunnel that goes before the test section. The narrowing of

the section tfrouihout its lenght allows us to accelerate the

current so it reaches the test section at a greater speed.

The form of the entrance section is fixed by that of

the test section, that is, rectangular. The ratio between the

sections is one of nine, which is a value intermediate

between 7 and 14, a contraction ratio between which according

to Pope, is a good aid to acheive a good jet. In another

paragraph he states that a contraction ratio of 9.5:1 is

adequate for a low turbulence tunnel.

The dimensions of the entrance section are

proportional to tnose of the test section, and bearing in

mind that the ratio between the areas is 9:1, the ratio of

the sides of the rectangle will be of its square root, that

is 3:1. Thus as the test section is 400 x 200 mm, the

entrance section will be 1200 x 600 mm.

The length of the collector is 2 1/2 times the

larger aimension of the test section, that is one metre.

The shape, or profile of the collector is of the

Gottingen type which is tangential to the test section, with

a straight section at the entrance, and a inflection point

further on.

The manufacturing drawings of the collector are 84-

3 023 A/1, included in annex II.

4
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The material for the collector is stainless steel

F-314, in order to avoid possible oxidazation uy the current

loaden with water droplets.

1.3 HONEYCOMB

At the entrance the thunnel will nave a type of

filter which, as well as filtering the stream, will break the

entrance vortex so a more homogeneous current will arrive at

the testing section.

The type of filter chosen is of the honey~comb type,

because apart from filtering and breaking tae entrance

vortex, it also straigntens the stream, ant also, tbe cel2 s

are of sufficiently small dimensions, tnat the vort~ces

caused will ce so small that the current will arrive at tn2

test section substantially improved, and a quasi-lamirar flow

can be obtained.

It will be loaged in tne straight section of tne

collector and the length of the straight section will be that

of the honeycomb.

The honeycomb was supplied by the firm C.A.S.A.

(Construcciones Aeroriuticas, S.A.) and it was only possible

to choose be between the types existing in their storage.

The most appropriate for the characteristics of

the tunnel is the model:

1/8 - 5056 - .0007 - 3.1.

where:

1/8 is the cell size in fractions of an inch.

* 5056 is the Aluminum alloy used.
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.0007 is the nominal foil thickness in inches.

3.1 is the density in pounds per cubic feet.

The cell is nexagonal and the length of the

honeycombs is 155 mm, the dimensions being those of the

straight section of the collector.

1.4 DIFFUSER

The diffuser is the part of the tunnel wnicn goes

between the test section and the ventilator. Its mission is

to decelerate the stream so it arrives more siowly at tne

entrance to the ventilator, and in our case as well, in the

diffuser will take place the change in section snape an: its

adaptation to the ventilator catch-basing inlet.

Our diffuser has two clearly aistinuisled

parts. The first part is a transition zone from the

rectangular section of 200 x 400 mm, which we nave at the end

of the test section, to a circular section of 400 mm diameter

with a lenght of 1.5 metres.Tne second part, which is

properly speaking the diffuser, is a truncated cone with a

final section of 500 mm in diameter and a length of one

metre.

In the first part the maximun angle of opening,

or of divergence is 3.810, and in the second part 2.560,

which are totally acceptable as Rebuffet talks of angles of

up to 90 and Pope of angles up to 80.

Tne material of the diffuser, as that of the

collector, is stainless steel F-314. The manufacturing

drawings are numbers 64-023.A/14, A/14-1 y A/14-2, and are in

annex II.

.I



1.5 VENTILATOR

In the cnoice of the ventilator or fan the

following parameters have to be taken into account.

- Volume of air per time unit or streamfiow.

- Energy consumed.

- Pressure.

The flow is fixec by the area of the test

section and the speed we wish to acheive in that section.

For a speed of o0 m/s the flod we need is:

Q = S x V, where

Q - flow of air.

S - area of cross sectional of test section.

V - speed

Q = 0.2 x 0.4 x Z0 n3/s

Q = 4.8 m 3 /s

This value is one of our parameters ana we must

remember that we have a limit of flow in the ventilator of 5

m 3 /s.

Tne energy consumed is fixed by the loss of

head in the length of the tunnel plus that produced oy the

discnarge into the acmospnere.

The power of tne electric motor attached to tne

ventilador has beed fixed at a maximun of 15 CV because of

limitations in the electric system. The pressure required of

tne ventilator will be at least equal to the loss of pressure

in the tunnei, plus the discharge loss.

U
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There losses of head, throughout the length of

the tunnel as well as on discnarge, nave been calculatea by a

Computer Programme developed by the Contamination Laboratory

of tne Energy and Propulsion Department of the IJTA, basea on

the work "Memento des pertes de charges, coefficients de

pertes de charges singulieres et de pertes de charges pour

frottement" by J.E. IDELICIK, and whose striped is included

in annex I.

The results obtained for the several flows anc

speeds, with the previously described configuration of the

tunnel, are reflected in table I, in annex I.

With this data and what was available in the

market a ventilador was chosen with a volume par time unit of
17.000 m 3 /h which gives us a total pressure of 150 mm C.A.

(1 m3/S = 3600 m3/h, 1 mm C.A. = 1 Kg/cm2 ) and with a motor

of a maximun power of 15 CV.

The curves of tne ventilador are representea in
figure 1 and the curve of the funtionating of the tunnel is

in figure 2.

A centrifugal ventilator was chosen, as with

these types of ventilators it s easier to guide the current

to the exterior of the chambre where the tunnel is, and in

our case its very importan as the current carries water

drops.

The manufacturing drawing of ventilator,

P/41.561,is in annex II.

1.6 THE TEST MODEL

The test model is a hollow bar, cylindrical or
aerodynamical shaped, of anodized duralumin.

Ja
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In its inside is placed carbonic snow or

another cryogenic product in order to keep the temperature of

the test model considerally below zero degrees centrigrade.

This temperature is necessary so that the

microscopic water drops which the current carries, will at the

moment of collision with the test model adhere to it in the

form of ice.

It s situated in the centre of the test

section, crossing it horizontally and perpendicular to the

stream.

The test model, its situation, and fixing, are

described in the drawing 84-023 A/3, 84-023B, B/I, 3/2, B/3,

B/4 anc 2re in annex iI.

a

I
I



I N TA V. Pig. 1

II. CLOUD GENERATION

The cloud of water droplets which will circulate in

the icing tunnel is formed in the settling chamber, before of

entrance to the icing tunnel, and will be absorbed by the

tunnel at the same time as the rest of the volume of air.

This cloud is formed with the atomizer described in

the FINAL SCIENTIFIC REPORT 82/83 and manufactured in the

INTA according to the drawings adjoined to that report.

The definitive atomizer installation is described in

figure 3 where:

A. - Bottle of co;npressea air.

B. - Water tank.

C. - Atomizer.

D. - Manoreaucer.

E,F,G. - Pressure regulator valves with manometer.

The bottle of compressed air pressurizes the whole

circuit, and by varying the pressures at the air and water

entrances to the atomizer we can obtain several droplet sizes

and tnus different liquid water content.

The testing of the size of the water droplets was

carried out before the installation of the tunnel as a result

of the delay in its manufacture and coming into service. The

water droplet sizes obtainaa at different pressures will De

tabulated.

I
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III. MEASUREMENT OF PARAMETERS

The essential parameters to be measured in the icing

tunnel are

- Speed and turbulance.

- Droplet size.

- Liquid water content.

- Temperature

III.l SPEED AND TURBULENCE

The speed and turbuian:e of ;ne airstream is measurea

by and anemometer of hot wire, TSI make, model IFA 100.

Tne hot wire anemo:aetry nas been cnosen oecause of

the possibility of giving us both the average speed and the

instantaneous speea of Ln-e stream ano tnis tn ripply or

turbulance of the same. Another important characteristic of

this tecnnique is that the reaction time is of rne oroer to

microseconds, and tnus the perturbation of the test probe es

very small ans the signal/noise ratio is nigh. Also thermal

anemometric instruments are exceptionally stable, sensitive,

and resistent.

Hot wire and hot film test probe has been acquired

for the different experitnnts and their calibration has been

carried out by the Aerodynamics Seccion of the Aerodynamics

and Navigability Department. The equations and calibration

curves are described in annex IlI.

The calibration covers the the field of action of:

Speed 0 to 70 m/s

Frecuency 2 Hz to 150 KfHz

mIm m m



I N TA N.0 Pag. 14

The measurement sistem of the speed and turbulance
has been completea by means of a digital osciloscope, make

TEKTRONIX, model 468, which captures the perturbation waves

of the airscream through the anemometer, visualizes them in

real time, digitalizes them, and sends them to a process and

control system for their analysis.

This process and control system consists of a

Hewlett-Packard scientific personal computer, model 9816, an
H.P. plotter, model 7470 A, and H.P. impact printcr model
82906A, which analyzes the wave, draws its, and prints the

relative data about it which interests us.

111.2 DROP SIZE

rne Laetnod used to measure the size and
distribution of water droplets is the microphotography.

The capture of the iroplets in tne tunnel is carried

out by means of the droplet-catcning probe described in the

drawings o4-023-A, A/4, A/5, A/6 and A/7 of the annex iI.

The flat covered with a slow evaporation oil, is

exposed to the airstream for a little time as posible, and

this sample as taken to the microscope and photographed: From

the positive photo, knowing the enlargnent ratio of the

microphoto we can measure the size of the drop, as well as

the Mumber and distribution of sizes.

The equipment is a Carl Zeiss Jena

stereomicroscope which magnifies 200 x, and incorporates a AF
24 x 36 WERRA camera with the adequate devices for

micropnotograpny.

i
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111.3 LIQUID WATER CONTENT

Tne liquid water content can be found out if we

know the distribution-size, and number of water droplets on

the surface photographed, its area, zne speed of the stream,

and the exposure time of the sample.

Another, perhaps easier and more trust worthy way,

is to measuree the amount of water used in the experiment and

the amount of air whicn has circulated in the tunnel in the

duration of the experiment.

We find out the volume know the volume of air per

time unit and the area of the test section.

11.4 TEMPERATURE

In tne experiments ie has to measure two

temperatures: The environmental temperature and the surface

temperature of the test model.

The environmental temperature we measured by means

of a mercury thermometer and the surface temperature of the

test model by means of thermistors.

The thermistors were connected to an analogic

recorder make YEW, model 4088 in order to obtain a grafic

record of the temperature variation in the test model as has

been said before.

I
,
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FINAL CONCLUSION

As final conclusions of the whole work, Primary and

Secondary Aims, performed concerning "Aircraft Icing

Processes", that constitutes the last one of tne four

proposal covered by Grant NO. AFOSR 83-0340 "Study of

Aerospace Materials, Coatings, Adhesions and Processes", they

can be established the following:

1. Tne Primary Aim concerning the Tneoretical Study

(Matnematical Model , FORTRAN Program and Sets of Results),

nas been reacnea.

2. The Ambient Pressure Simulator ana vletering System,

whose design, manufacturing, set up and operation constitutes

tie Secondary Aim of tne proposal, nas been partially

reached:

It has oeen designed in its wnole. Some of the parts,

as for example the fan and electric engine that moves it nave

been adquired in the market after a detailed selection among

the different possibilities. Other parts as the air-duct and

the observation chamber nave been designed by our scientists

and manufactured by our General Works. The equipments

constituting the Metering System, have been selected among

the most adequate in the market and adquired. Its proper

operation has been verified and some tests have been

performed in order to familiarize the personnel with their

possioilities. The anemometric probes have been calibrated.

II
!4
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Though, due to several reasons, the final

installation has not been perforaed, it is expectei that the

whole of the Simulator and Metering System will be operative

for the next Earz.

Torrej6n de Ardoz, 12th November 1964

Research Assistant

Esperanza Clivo Esteban

The Principal Investigator

Ernesto Montiel Rodriguez

/ -
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EL DIRECTOR DEL DEPARTAM-iTO DE

AERODINAMICA Y NAVEGABILIDAD

Jose 4arleta Carrillo
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COMPUTER PROGRAM OF LOSS PRESSION
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1030 KP-4: TV !T1 Til 144n
- 1040 SErT !'fIjI 21(10)

105n mmrr~ "iT11rnR PTNin ... "

4f
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1060 SMO CT PRTNT 005 (64)
1n070 P'T'TT "D ITT~sap PYANO"

1090 roTo "50

111n 1:2-3.2:MTO~ 144n
111f) SELECT P1U2!r 211(100)
1130 pp~TlT "... . CTTTLNEO....."
1140 SELECT PRONT 005(64) :PRITrI' 7[!y. CITRTJNE0"
1150 !F Jg[]1 T1lFM 117n
116n !INPUT- "C!RCULAP..1.PErCTArC. .2.",M
1170 TV M-1 T71M~ 1190
1180 noTn 1160
1190 SFLTq PpIT 21(00

1200 r!IPr lT)!PTTSOR CmrvirL:fl riPCTJLAR.."
1210 SELEC:,T PTIr. 005(64)
1220 PP.flTT "rrn'?.r!PTTLAD.

12513n 12
1240 (05T '11

1260 Sr.LECT PRINTr 211(100)
12 70 Pr. ".TDIPTSOR T CRITILIINEO A(AR.

*1280 SELEC-,T PRI'k W05(64)

1310 rnipi 11V

1330 Tr C(T)-9 7117T 141n
* 134n

1350) v9-n:rOTn 14n0
136') SqLTr. rn!!INT21(100)
1370 prINT "l.mmisOR rtT",TTnO pTXiO.."
1180 S-EECT PPmj.T 005 (64)
13~n ppjRIN "mURv.P!.Ajn'"

1410 nnSl11'
142o r0-1.0135-, 3q365*1:4.11737*1t!2-1.8178E-2*K! 3-1.1294E-3*K!4
1430 PQa0:r0T0) 1490
1440 TiP.y*T&TC2) 54*1s/1 2
1450 TF (i)n 2 Blt 1500
1460 TY M9-1 T~PT 1500
1470 r2-111*.65
1480 CoTO 1500
14Qn ().0L0(*3.**n5)(..nS)1
1500 PT7*()/sn! I
151n rnspjM '7:rnlTB '8
1520 PETYIT
153n rrYt.......T i0 E T0....
154n sELECT rT- 11(100)
1550 Pyrr INT.TwAM rurCTOr...."
1560 SELTr PRINTr 005(64)
1570 rRITr "Trmn, RTtmo"
158n x? Ja[]1 TiHEN 1600
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15Qtl XNPIJTr "T7TPO DE qE(C!.ON..DlTrTAJ,,MNPJ. (1 ric. PJ:CT)",KI

1600 COMBf 11
16ln10 TK 7(T)-P THEN 16301
1620 fl-f() :G0T0 1640
1630 T1-2*-S0/CA(!)4-B(1))
1640 R-=W0*fl/vR f8-Rs/i,)
1650 Gnsim '2
1655 !Y jgril TUWE 1710
1660 TF I[]! TI!EN 1700
1670 TNm'17r "MI0T PARMD T:NIjc-AJ.(.5)..sri Pn1.),!
1680 X (T)=L8*LT,()T4NR
160)0 COTO 17!n
1700 X(T)-T,8*T,(T)/l
1710 (fT) -R0*X (1)/s0n! 2
1720 COMMTTT '7:0STM '8

171n PFPT.T " T 'TIL

175n SELECT PRI77 2 11 (100)

1770 sELFrr- P'11:1 n05(64)
17,90 PRYJ71T "71MEITLA"
1790 7' j8ri!1 !r 196n

181n T.NrlITT "TT~n TWr SErr0ni (1 ft'ITT.AR..! TIEC)",.(T)
182n0 S(7) -K () : L(1) -n
1830 7..MrTT "ARYA LI13PJr!ARFA TOrAY," ,TO)
1840 TTT- "T)TA3 wr1=1) "r0
1850 T)4-T4*tE-I
1860 CO~M 'I
1870 P=-U0*T)4/178
1880X()1*1T).(1T1)!
189n !W R[4n0 ThENm 1910
1900 COTO 1930
1910
2*Tt! 4
1920 X(T)u-X(M)*rl8

1940 COMM17 97:rOSTTr, '8
195n r.T?J

1980 (2
199f) 7-8
20100 !W T123/D8 T1OT 203n
2010 78- (1. 8*T., (R /. V2164) f-2)
2f020 riJ17
203n0r [W '/D Trum2 !n60
2040 LRin(!*T.Or.(1.7/DR)/!.302)! (2
2050 REr'TYi
2W6 Tr T)Rr.nnnn8 ThEn!q 2100
207P 7- D8j.0125 TTT 100

s 2080 L-. 1* (1. 406*T8-j.n/Tt) 1 25)

2110 R-SM!T(r(A))
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?12n T-Sr~'1(P?1C(09))
2130 PPtTM
214n Tr S*Tn r'IEN '340
2150 !F 5*TTOn THIEE 2260
2160 FOR 1-1 TO 1000
217n X-A-R1h(.)* (3-A)
2180 7S(NC()
2190 IF ly-f T1112T 2380
2200 1r s*Vrfl "'lIPE !250

2210 NEX !".r
* 2220 PRIN1T "NO CIWPJTO OF STI(~ prvirn

2230 PIM177
2240 STOP
2250 11=X
226n F (2-1-S) -A
2270 1(2-S)-I3

* 2280 M-(-'(1)-F-(3))/2

2300 Tv 11-n TXTN 23,10I
2310 P (2-T) -,vT
2120 TF M TEN 2380
2310 rOTO 2280

*2340 1,,. s-0 THEN. 2170
2350 (-3I
2360 GOT() 2380
2370 X-A
2380 LR-X
2390 EE'1T2.N

*2400 RM o~oo~ .
2410 SET~E(rT PPJ.NT M1(100)

2420 PRT.4-r "'.IlONEY(~OW...."
2430 SELECrT PRI'M 005(64)
2440 PIPJ.NT "H0:,T~rn?M"
2450 Tr j8[]l 7.HEN, 2530

*2460 IF 1-1. THENl 247n:K(I)-K(!-1):rrYTO 1480
2470 !NTTT "TTPO T1W SECCION (1 rIIrl7AR..2 1PEcT)",K,(T)
2480 ITIT7T "AMF. L)3-PJ/ARE-A TOTA," ,T5
2490 111PIIT "T.A)O 1W. TA ABF 0eRA'r)",D5
2500 fl5-D5*1iE-3
2510 W177U "IESPESnR DETL HONE"flO?Ui" ,L (T)
2520 S (I) -K (1)
2530 rosmr 11
2540 rTY0*)5/'?8
255) 7)R-PR/"15

* 2560 r;08T1f 2
2570 L-Lcr.)
2580 I7 L/fl5]2 THEN 2610

* D5)14
2600) rOTO 2620
2610 TlIn
2620 ir P41jr5 THnlF 266n

2640 X(!.-V5f

f
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265n t,0TO 2740
2660 ES-.2259*R! .12385
2670 Tr R~1E4 71IF2 V71n

2680 rE?! ....... r5 AIITSTADO PARA TO-.6..........
2690 r05-7.7101*R! (-,777n7)
2700 OOTO 2720
271n n5-0

2730 X(l)-r5
2740 P (T) =RO*vX(M/ SO!2
2750 rOSflB '7:0081jR 18
2760 REyTURm
277n Pg-Ro/s1!2
278n 1U8flT8--P8
2790 srEECT PRIME 211 (Inn)
2800 PRINT "PERJ)IDA DF(R-A(yrO/M2)"P8
2810 PP,,RNT "PTtDT)A CPJIA TOTAL. -",118

2820 118-I8*()/75I
2830 PPRINT- "POTE.%rCA A'A0REITDA((, 7) -,
2840 Pr.NTm "LONGITTM TOTAL( )
2850 SrECT PRINr W05
2860 ? lrNT Q
2870 MND
288P nrr-' 7
2800 jv q(t)-2 'TflnJ 2n'4n

2900 I1F S(!-?(I) TURT 1920

2910 D(I)-A(I)
292n PlinD(7I) :pnpj:p3n0(I) :P4in?3

2930 OnTO 2-7n
2940 !F 9(:[)-K(T) n-IRN 2960
2950 AMT)D():J()-MI
2960 P-():2():3A():41 I

2970 P5SL(l) :P6-1t(!%) :RS():7S~8
2980 PW ~~?:2P!
2990 PF nP01
3000 DE!Tn'l
3010 SEr*CT PRINT 211(100)
3020 IF 38-1 THRN 3060
3030 PRINTISTNC 3n4n,Pn,.U,X2

3040 7 TROIl#iI Ei Kr/! f"

3050 OOTO 3110
3060 IF T]l TIM2 3090
3070 PRIT!TSINO 3080

3080 i An Ro Al R1 wriTO K4 KI sO Si li0

VI Kr./U2
3090 PRITI,1ISIN lOP1P,3P4P76r.,7PP,1v

3110 SfEECTr MINT n05<64)
3120 P, lI pR

314n IF 38(l1;11 3n
3150 Tr~ K(')2 THMI 3130
3160 ir 1-1 T1T.11 3180
3170 T()1!):AO3190
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3180 !.N! T "DwTpmR 2T~rCAj~l,D(1)
319n XF 7(1)[4 THM' 3!nf0:J)l(1)=)(I):T0 .3140
3200 Tr S(T'-7 TI{E!'T 3300
3n10 TTINP1T)"IFATR0 FITIAL",D1(T)
3220 (0Tn 3110
3230 Tr T-1 IM~I 3250
3240 A(!)-A1 Vt-i) :B(I)i1l(I-1) :rr0- 126n

3260 17 Z(!)4 T1E13290
3270 11~-~)R()()(OO380

*3280 T7- S(T..).1 fTIMI~ .3210
3290 Tr 7(7!)[13 '.IMI2 33o0:lr 1)~~) 3]T300:A1(T.)-ACI):31l(

I)-15(!):,flT0n 1310
3300 INPTrr "LADOS rA.S*.E ,Ot",1V)*RI()
311n Tr 7(T)13 TT!MT 3330
3320 !N FTT "llofljTTm",,(T)
3130 Tr K'J)-2 T71MI 3380
3340 q0-4PT*fl(j) !14:TTfl-9/Fn
3350) Tr S(T)-2 TTM~I 3400

33708n ~ 31

3300 :7 F(T.)-l T~rI 3160)

1400 Fl=A1T)*3llt U-'

31421) Ti K(T.)fSI .1 460

3440 7i' K(!)-?. '17-71 347!)
* ~~~3450 r=2*, A-AT(AB iITVT)i?.:(T)

31 7171T

3400 7- 7,1(t)!r(T) n{I-T 3510
3500 r-n(T):RT1TnhN

* ~3510 C-rl1(T)R~h~'

LI



TABLE I

RESULTS OF COMPUTER PROGRAM
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eAIMAL.(OWS)- .2

.HnNEY~flN]....
A) BO Al Bi T.0N(r K4 K3 So 81 ir0 'ul K(r!'f2

1.20 0.fi0 1.20 0.60 0.15 2 2 0.72 0.72 0.27 n.27 0.13
pRi!."?ATIrn
1.20 0.60 0.40 0.20 !.Ofl 7 1 n.72 0.08 0.27 2.50 n.14

0.40 n.2fl 0.40 0.20 n.6n 2 2 0.08 0.08 1.5o 2.5o 0.01
.' AMO RFArT0....
0.40 0,40 0.40 0.40 1.50 i 1 0.08 0.12 2.5n 1.59 0.04
.DiITSOR CflNi(c0.
0.40 n.40 0,50 0,50 1.00 1 1 0,12 0,19 i.5Q 1.01 0.00

* .RIIJA....
0.50 0.50 0.50 0.50 0.00 iL 1 0*.19 0.19 1.01 1.01 0.03

PF-TtDIDA DESrARA(Yr1./? )- 6.35221788,-.02
PETUIDA rARGA TOTUL - .3526966751433
POTFNrlTA A7ISORBITIA (17) - .11461=
T1f)*MTTT) Tf~nAL(.f) - *255

I7110 0,55 ITEL! -.155 Kr/'t 1.2n
........."ATT.Cf

IrrTL0 n.55 ITF11 5.00o Kr/%'! 0. 16

171.10 5.00 ,nL! 5.00 Kr,/"2, 0.07

.DTVTTSOR MEMO(~..
irELO 3,18 I"EJi 2,n3 1TM/M2 0.02

,PrOJLA....
"lym 2.03 1W.1 j.03 Fr,/PV. 0131

PTTDIDA DESr.ARr.A (Kr.l2 ) - .2540887152223
PFRDIDA (rARflA TOTAL - 1, 135151251027
Pn~TCl!.A AJISORRMDA (c'? - 6,05414000E-0 3
TA)T(,'!TM TOTAL (M) - 4,255

.HONrvrM4B.....

'TKLO 0,83 VF1.i 0,83 Kt./m2 0.40

lrEW 0.83 171.1 7.50 El./?q2 n,36

VMA 7.50 IrM.l 7,50 yr./? . 0,17
,TRAMO RE(rT0.,.

MTP 7.50 "EYY 4.77 irl/%,'2 0,42
.D)IEUSOR rONICO..

MAIW 4,77 VV~l 1,05 Kr,/'I.2 0,.05
- ~ R TRI'.,I A...

IFETA( 3,n5 "EJ,' 3,05 rr/!V 2 n 021
j PrRI)IDA DSrCARtrA(rr,?./N)- .57169Q6092501

PEET)ITA rA1UrA T0!AI a 2,356952527758
PMIOT!NA ABSRWMA'X) - IRR556202M-02
T.0N0!TTII TnTM.OM) a 4.25
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WA~MN/q)- .R

vmnL1 1.11 IFXl1 1.11 KG/H2 0.73
PRIM~ATICO

vFL() 1.11 vT1L1 10.00 Kr./m2 n.65
*T!RAMO RECTO....

IFEU) 1(0()() 'FF1 10.,00 Kt/M! 0.30
*TRAHO RIPCTO*,*

Vi.0 10.00 'TEgl 6.36 YJ',/?'2 0.76
*DI1'USOR CONMM.,

VELO 6. 306 "EM. 4.0 KGf142 0.08
oRFJTIAoo

VFW. 4.07 v7MI 4.07 Kr./jt2 0.45
'OERDIJ)A DFSrARGA(eKO/H2)- 1.016354860889
PERDIDA CARCtA TOTAL m 4.012E02944313
POTENCT-A ARSO~RRIT)A(CV) - 4oM80098E-02
LOTGITTT TOTAJ.(N) - 4o255

CAUDlAL (M3/!)

.* 1ITFVC0R...
M.1) 1.38 1771 1.38 Kr./' 2 1.01

PRiXqM&T!C0
V.0 1.38 nEj 12,5n KG/,2 i. 01

Tp~AMOn pECTO....
"EU)P 12.50 TrrEL1 12.50 KG/M2- 0.47

.TEAMO PrECTO ....0
'TE1. 12.50 T"Eji 7.95 Kr(/M2 1.19

.DTFUSnR CONICO.,
vMAL 7o95 "EM.i 5.09 K(;/M2 00.1

.REJILLA* * *
vELO 5*~q "li~ 5*0Q Kr./M2 n*6q

PEPDID)A 1M.SrAR(.A(Rfl/1V)- 1.588054470139
PERDIDA CARCA TOTAL -6.109700567488

PTPfflr!A A 0RJ11JIA(rV) S,814626742F-02
TAONC!"IJT TOTALCT1) -4.255

CAUDAL"~/S)s- 104

4 ~y 1.66 iET.1 1.66 xKt/~v2 1031

VELOn 11.66 M. .l 15.00 KC/M. 1.46
.AHREC.TO,,,

IMP. 15.00 "Em.i 15.00o Wr.m7 0.68
.!RAI! RrrtT...,

'TELO 15.00 I~fE.1 9o54 KG/x2 1.71

V7IL0 9.54 vFL 6011 KW1/M2 0.19

*VELOI 6.11 "EU.1 6,11 Kr./?12 0.94
PFlMDA DF~ARArKr.fM2)- 2,2867M8437
PERDIDA rARErA TOTAL 0 R.654544001874
POTENCIA AB1URRDA(rV) - *13R47270403
TA!trTTM TOTAY.H (1) 4.255
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CAT1AL (13/;)- 1.4

.HONE!COOI....
v",~0 1,94 yEMl 1,94 f'flIM2 1.65

PRISMATIcn
iVELOt 1,94 "XL1 17.50 Kr./%,2 1,98

*!rw RrECTO.,..
VEWO 17.50 17.7.1 17.50 KG/7N2 0,*93

OTWAin RE(7T0....
v1U,0 17.50 VE~l U, 14 Kr,/M21 2.33

.DIFtJsnR CnNICO..
UMLO 11.14 VFUL 7.13 Kr./P2 0.25

* .RFJILLA..
VELO 7,13 VMEL 7,13 KO,/M2 1.35

PFMT!DA DESrARr.AcK/L))- 3.112586761473
P"MIDA CAReA TOTAL =11.63357811892

POMTEA A]BS0RIIDA(CV) -. 21716%1248865
LON(rT. UT TOTAU-)) 4.255

CAUDAL,(43/S)- 1.6

.ROINEYCOMB....
MM, 0 2,22 VEM1 2,22 1C0/m2 2.01

V=L 2.22 M. 1 20,00 KC/142 2,59
."WAO RECTOr....

vEtO 20.00 rFi.1 20.00 Kr./!2 1.21
.TPrAMO RECTO....

ITMO 20.00 'tF:L1 12.73 K/M2, 3.04
* *DIFUSnR CONICO.,

VELO 12.73 VELl 8.14 Kr.//U2 n.33
eREJILTA...*.

vmtO 8.14 ITMl 8.14 FZC/M2 1.77
PEEDIDA DESrARCA(KO,/M2 )- 4.065419443558
PERDIDA CARGA TOTAL - 15,n4693288118

*POTP.TC!A AnR1AIDA(c.V) - .3210012347985
LONGITfI TOTAL (1) -4.255

rAUDAY('t3/ 5)- 1.8

* .1{nNEy-comB....
vWt 2,50 VF1.l 2,50 MM2 2.40

PRISMATICO
M~O 2,50 WEMl 22,5n Yr/M2 3,28

.TRMO REro....

.TAO VELO 22.50 1W.L1 22,50 W/M2 1.54

VWt 22.50 VEMl 14.32 YKCfM2 3.85
T)IFUTSOR CONICO.,

"ELO 14.32 IM.i .1 .16 Kr,/?2 0,41

v M.O 9,16 "EFLi 9,16 KrG/M2 2.24
* j PERWIDA DESAr"A(Kr/M2)- 5*145296483252

PERDA CAMGA TOTAL - 18RR93172618
POTENC!A ARSORRhA (C.V) - .4534444142832I wNGrrIm TnTALQI) a 4,253
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CAUDAL43/S)- 2

VELO 2.77 VTA 1 .77 KG/M2 2.82

InMOl 2.77 'TE~l 25.fno Kr;/tH2 4.04
.TRAMO REMT....

NELO 25.00 NEMI 25.00 K(,/M2 1.90
.TW0RFcTO....

MEO 25,00 "EU7. 15.91 Kr./M2 4.76
DTFTJSOR CONIC.,

VELO 15.91 T"ETJ 10.18 Kr,/,2 05
.RFZT.TA.... 

2 05

'VEL0 10.18 ElFTi 10.18 7!T'rM2l 2.77
PE1UDIDA TDESrARcA(KG1M2)- 6. 352217880558
PE",DIDA rAR(.A TOTAL -21.17241852623

POTFNCTA AJ3SORRIflA(rV7) -. 6179311606995
T.OnrlTUDI TOTAJ.(M) -4.255

CAUA('/S)- 2.2

.110NEYCOM ....

PRIMA "rnlruA 3.05 1MJ.1 .05). Kr,/M2- 3.26

"ET 370 .05 1W.1 27.5n Kr./M2 4.899
,TwoAM RE(rT0....

IMO~l 27.50 I".i 27.50 Krf/M2 2.30

"EFLO 27,50 "EFLI 17.50 KCV.!2 5.76
.D!Y.7Ts0R Cnmirno..

'TEMl 17.50 NrTj l,11.2 Fr,/M? 0.61
.RrJILTA....

IYEJO 11. 20 17M.1 11.20 Kr/?2 3.35
PE1RDTDA 7lESCARf,,(YAtC!)- 7.686183635473
PERDITDA CARCA TOTAL -27.88285677454

POTENCIA A O7RRIDA(CV) -8178971320512

TONC;TTTMh TOTAL (M) -4.255

rATMA('tMS)- 2.4

.H0nx, rW....
ITLO 13.3 "nE1 3.33 Kr./M?2 3.73

PRIFMTIC0
1"10O 3.33 tTJm7j 30.00 KrC/?I 5.82

.TPrmn RECT....
"Lrgo 30.00 "Mi .30.00 MC/112 2.74

T-,Mfo RrrTn....
I "!.n 30.00 N"Eri iq~no ir./?t2 6. R5

T)!"Tl~nR CONTCO..
vT.Ol 19,04 'rETI 12.22 Kr, 1? 2 n,.72

.TTJLA....
1 '7LO 12.22 Elin 12,22 rl./112 3108

g PETJ)!PA fl2SR(A(1M/M2). 9.147193748002
PErFMTA CA~rA TOTAL. a 13.n2415445622
"'MMTCTA AMS0RA11MA(rM) a t.056772942549

TAW!~ ~vrA~? w 4,255
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rAIMAJ(M3/r5)- 2.6

Ir1yLA 3.61 VFTLI1,361 Kmf14 3,65

VELO0 3.61 VELl 32.50 KV,./!2 6.83
*TRAMO REMTO....

v7j.0 32.50 ITELl 32,50 IT,/M7 3.21

vFT.0 32.50 vELi 20.69 Kf;!M2 8,04
*DlvflSOR cnNTCO.,

TEL 20.69 IFEL1 1324 KG/742 0.84

IFEL0 13.24 vn~l 13.24 KrC/!!2 4.68
PEEDIPA DESCARC.A(K/112)- 10,73524821814
PFR'DIDA CAR(-A TOTrAL - 38.0264446223!
1'0-Y"Ir.TA A-3SnEDTAcr1) - 1,3181508024
LnN,Trml ToTAL. m) m 4.255

* CAhJC'3)- 2.8

VE~L) 3,118 IELl 3.88 M.P/M2 4.12

'TElo 3.88 ITEL1 35.00 Kr,/1. 2 7,92
.TWIH R~rTr....

VI , 35.00 VELI. 35.n0 Kr,/T!2 3.73
.Tr0m REC !0....

vELO0 35.00 vE~l 22.28 KGI/M2 9.33
D1IFTSOR CONICO..

IrmLo 22.28 VErl-1 14.26 K G /M2 0.98

.REJIJAoooo
M0L 14.26 VMI1 14,26 KO,/M2 5,42

PEP.DIDA DESr.AR(A(KrfM2)- 12,45034704589
PEET.DA eARrA TOTAL =43.97n13759162

POTENC!.A AJ1"0RBIlA (rV) -1,6418878042

LrrTC!"TTAL.(~I) -4,255

CAIJTAL90/S)- I

VE~l) 4.16 wEl 4.16 rM2 4.62

VELO 4,16 7FLI 37.50 KCM2 9*fl9

v MO 37,50 VELl 37.50 Kr,/M2 4.28
*TRAmn ",an....

vETO 37.530 IrrTl 23.87 Ka./M2 10.71
*PIFUSOR CONICo..

VFWl 23.87 'YELl 15,27 KcIM2 1.12
*REJfL.LA...

1? MO 15.27 WEMl 15.27 Kr11N2 6.23
g PF.MIDA DE8CARfA(Kr/M2).. 14,29249023125

PEPDIDA WAGA TOTAL a 50,36n29154165
VOTFlNCIA A1R80R3IDA(CV) - 2,014411661667

LONCTTTI) T0rALOM) -4,255
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CATMAL(H[3/s)- 3,2

MO7f 4.44 V"JTL1 4.44 MO/1,2 5,13
PR!i ; MIAT I CO

TFM) 4,44 ITE.1 40.00O Kr. 12 10,34
T!IMIO RFJCT... o

IFEL0 40,00 MA~ 40.00 KV1./2 4,87
*TRAIIO RXCTO....

IrELf) 40,00 'YELl 25.46 Yr.!M2 12.19
*DIFIISOR CONI(CO..

'YMJA 25.46 'YE~l 16,29 K./M2 1.27

.RFJILIAe..
MEO 16,29 "EU. 16.29 KS / x2 7.09

PERDIDA DESrA~rA(/M2)- 16,26167777423
PEIRDIDA CARGA TOTAL - 57.16956293389
POTENM!A ABSORRIJ)A(cV) - 2,439234685179
YAMITIM TOTAL (If) - 4,255

7F~s;TcVL0 4,7 I'El1 4.72 Kfl/M2 5.67

.TTPAM PrCtT....

TPAMO RECTO....

* Dl--Tq~r)P CnNIrO..

.RR MIA....
vran 17.31 "Er~j 17.31 Yr,1?42 8.00

PFIDIDA DESrARCA(T1rPT!)- 18.3579096 7481
PTDT.JT'A rA.\N ")TAT,. 6A./Q'6477fl888

.fTN~A A303T!,V)-29197603354q2
!J~,CIM TOTAL, (H1) -4.255

(ATJAL(H3O/S).. 3.6

v-,T) .5.00 vYE~l 5.00 17M A .22

I"Elo .5.0 nO TU 45.00 KCIM2 11.18
*Tvin! P.cT....

VELO 45.00 I"E.7. 45.00 K, /!C 6,17

IFJ,O 45.00 "EF11i 28.6(4i KV112 15.As.
DT-mstv COnmo..

IrETO 28.64 "FTL 18.31 ,.r2 I

IrrT.0 18.33 1".118.33 YWC/!2 8.0'7
PE)TPA flCsAprA~lr/'?.)- ?.O.581185n33
PFIT!TDA rARr'A TMTL 72.07070884028

A POnT!.A AJWORAT.D(() 1,345Ql3~n24333
j TWrTM TOTAl,(H!) -4,255
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rAlrDAL(M.I/S)- 3.8

ITELO 5.27 "TELI 5.27 Kr/,t! 6.80
TS'TTC0

v r.7,0 5.27 177-U1 47,50 KG/'t? 14,57

VELO0 47.50 ' TrT.1 47.50 KO/'i2 6.87

VTU.0 47,50 'TEL 30. 23 Kr/?'2? 17.19
*DllTqOR COMICO..

IM. 30.23 '"EL1 10.35 K GIM2 1.77
.RrJ TLA....

''TLO 19. 35 VTEL1 19,35 Kr/M2 10.00
PErJT*A Dr.SrARrA(KC,/M2)- 12.93150654881
PE",DIDA CAKRrA ~TAL =80.161q6327854

P0TIMC.rA ABSORRIDA(CV) =4,06153947278

LOCI1T TOTA-1.(M) =4,255

rAIMAL(M3I/S)= 4

.I{nT~vr7M....
VTELO 5.55 '7E7.1 5.55 KrC/',t2 7.4n

IMLO 5.55 ~Fr, 50.00 <n/m2 16.1.4

VJy,0 50.00 YTa 50.o0 KO/x2 7,61

tvEul .50.00 VFLl 31.83 Kr/%,I 19.04
*D!FIJSMR COMM..~

T MEO 31.83 ME.1 20.37 K;V-2 1.96
*RF.J IL.A*. ..

1?E!.0 20.37 VIM1 2n.37 F(/112 11.08
PFRDIDA DESCRA(X,/%2)- 25,40887152223
PFRDIDA CARGA TflTI - 88.67()Q9729308
POf'ENrTA ARS BRT.DA(crV) - 4.7295998556311
LTC!rTn-m TWVAT.(',) -4.255

CATJDAL?L/S)- 4.2

7E.0 5.83 "~ .3 K/2 30
TJrl .8 TT.1 52.50 KC,/"!2 17.7Q

"ELOT~ 52.50 M.E l 52,50 Kr,/i!2 8,40

VEI 52.50 ITFL1 33.42 KG/? 2 21,00
.fTFUS0R CONIVM.,

I"AlO 33.42 11M.1 M1.39 rrX/?-2 2.16

4vXLO 21.39 I"ETi 21.39Q rX,/Y'2 12.21

PFRDIDA CARCGA T0rAl, - 7,6245n41835q
POTECIrA ABSO1UJIflA(CV) - 5,466q72234281
LOTTIT) TOTAL (M) -4,255
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r.AMAL(I/S.)- 4.4

v "ELO 6.11 vmi~ 55.00 YM/'!2 19.53

vELO~ 55.00 "'Eli 55.00 Krl/ii2 9.21.
.!'Amo REMO....

v1FT.0 55.0 M 'Emi 35.01 IX/ii2 23.04
0DYYUSOR CONICO..

V-TII 35.01 "rET. 22.40 Kr./12 2.37
,RE.ELLA...

IFEL 22,40 VEJ.1 22.40 KrC/M-2 13.40
P]7rP~ljA 1)ES(rARr.A('TrM2).. 10,7447345419
PE'RPTDA rARGA -'"OTAL !n.06.951351918
POTFZTCTIA ARSflRBIDA(r.V) -6.277047q3l 252TO"1TrmT TnTAM.of) -4,255

CATMTA(3/S)- 4.6J

.1loTyrnIB ....
f"ELOITC0VF. 6.38 ITFL1 6.3A Kr./M2 q.~33

VETI 6.38 "EFLI 57.50 KCIM2 21,34

MEO 57.50 v M-.1 57.50 Kr/xt2 10.07
.TRAZ2fl RECrC0.**,

vEL 57.50 "'E.1 36.6,0 MT 25.19
,D!v-U~fR co-TIrC0.,

K'J1a0 .36.60 '0T.1 23.42 ,,<./*12 2.58
%RFJITJ.A,,,

7EL) 23.42 v".1 23.42 Kt,/m:) 14.65ME.TDA )F.SCARr;Alzr,/I~V.) 33.6(1323258816
PHIDIDA C-ARGA. TOT.AL =11.6.79177717n9

POT1~rTA AIBSOR3T.DA (r) U7,163228999R15

LONGTTTm TOTALCT) -4,255

CAITTAL.(N3/S). 4.8

MT0EYCOM....~
VFLO 6.66 1771i 6.66, Y/?m2 10.01

PRTS.4ATTCO
"'ELn 6.66 MEI 60.00 TCGf/M2 23.23

TPlMO RE M,....
VELO 60.00 IYFli 60,00 1'f,/m;2 10.97

.TPMO REMO0....
vKLA0 60.00 "ET-1 38.19 M1112 27.42

,DI'T.SnR CONICO..
MEO 38.19 "EITH 24.44 XnlIM2 2. Sj.

IMT.0 24.44 "?7,1 24,44 M,/112 15,95
PED DD5,CARGA(K/?2). 36.58877499201PEMD~fA CA Trf.AL m 127.014179195APOTM, CTA AR8OR3T.DA(rCV) - 8.12890746848

L0?T(rITTTD TOTAL (H) 4.5
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CAUDJ)A(3/S)- 5

*HONFVOB....
VETJ) 6.94 VPLI 6.94 K(/112 10.71

PRISMTICO
VELO 6.94 VELI 62.50 KG/M2 2.5.21

VRLD 62.50 "1lrf1 62.50 Krl/X2 11.90

VELQ 62,50 TF11 39,78 KflfM2 29.76
*flIPTJSOR CONICO..

VEL~O 39,78 'JEMl 25.46 KC,/M2 3.04

IMO 25.46 ITM.1 25.46 YG/M2 17.31
P~MDIDA DESCARGACKG/112)- 39,70136175348
P"1DIDA CARGA TOTAL a 137.6620548338
POTT,-?CIA AIISORIIDA(CV) - 9,177470322253
7.OlCITUM TOTAL (%,) 4,255
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MANUFACTURING DRAWINS OF ICING TUNNEL
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Marco EINCO ot MTRAY ATMNO

Tolsrancias admitidas on dlmrnons COnjunto bulus
sin indicacl6n do tolerancia, porn INTA

trabojos arrancando virutos TIVLE
iortes Tosos Tebroode hibroeds FO/M4CQA *1ELm1

baedles sutuer aImtwlwe PUOYECTOS

1- 3 -0,15 0-,16 ±--015 IOb=Ndobot N6m. del plano Tollis
3-- 10 -0,25 0,25 :f:0,25 toasu6062M FKbU Isomb

10- 30 -0,30 4-0,30 * 0,30 ui...ms - -_ ________

30- 10 -0,40 04 O 40
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MWrc. D ESIG N ACI10N coatidud MATERIAL Y TRATAMIENTO

Toleraetcios admitidas en dimensiones COniunte c

soo- JA'i owois T,0Y. FCit- fA7/ ,]AI

t 3 -0,t1 0,1.5~ ± 5. TWdU Inman 1bitdk mIk" WS
3-Z- t - 0,25 0,2.5 0 ,25 ,j.gg . 6 .uh =s N8.2 oftle.Tem

0+U -0,30 0,30 ±0.30 (Amd ~ . - - - __________

80-- 180 - 0,40 0,40 0,140 uuk.-bt

180-360' -0*0 -0,60 -0,60) v ' hu
n5-o16 -0,60 -08 ON 0,80 sm Coe Wm Calpi"
no-goo -10 1,0 ±1.0 my .gIwe - - - -0ell
loom -',. +',.0% ~ I vvvv k hud Ismi - 41 C2.-A
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Tolerancias admitides on' dimonsimes COfuniftO bg
sin indicaci6n do folerancla, pare IiNTA

trabalos arrancando virutus To .i Aw l 11a z I 0
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do medidne,~o . Teetede PROVECTOS
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160-..50 -0,60 +0,60 dc 0,00 y * lue - - -

350-500 -0,80 +06 *0,6 - y *A Ve in cokd

A' MO Soo, - -/0* +111 In -/00 loeh-0=8. 23-AI&
*1,0~~~~OW NOWmyue - - - Nidip
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Merca ESIGNACION Cu14 ATERIIAL Y T*ATAMIENTO
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Teloranclas admitidas on dimemaloetes ComiuntO oe
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sin indlcacl6n do tolorancia, pare INTA
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CALIBRATION TEST PROBES REPORT



INTRODUCC ION

A petici6n de la Secci6n de Instrumentos de a bordo del

Departaxnento de Aerodinaiica y Navegabilidad y con cargo al
contrato de formacio'n de hielo HIA - 50 - 1119, se ha realiza-

do la caiibracio'n de diversas sondas de anemometri'a teirmica,
con ia instrumentaci(Sn de dicha t~cnica existente en el Labora
torio de Ensayos Aerodingmicos del mismo Departamento.

La instrumentaci6n utilizada a tal efecto estuvo corapuesi

ta por los siguientes equipos:

a) Unidad calibradora T.S.I. rnodeio 1125
b) Unidad de alirnentacio'n y moni-tora T.S.I. modelo 1051

2D41/ 2B-BCD

c) Unidad Acoridicionacora T.S.I. rnodelo 1057-~

d) Unid~l promediadora T.S.I. modelo 10L47

e) Unidad anemometrica de tem peratura constante T.S.I. modelo

1051,

f) Generador de funciones TRIO modelo FG-271

g) Osciloscopio HP - modelo 1150

D) cable de sondas T.S.I. modelo 10110.de 5 ma.

Se han realizado cinco calibraciones-grgficas y anal.!ti-

cas para el usc de diversas sondas de hueo y pel.lcula en aire,
operando estas sondas en todo memento en el modo de temperatu-

ra constante. Las presentes calibraciones permitir~n la medi-
cio'n de velocidades medidas y de determinados parcimetros tur-

buientos en una corriente de aire con velocidades comprendidasi
entre aproximadamente 0 y 70 ra/seg. (0 y 280 mm H 20).

Las sondas que se calibraron fueron las siguientes:

a) sondas de pellcula caliente cilindricas rectas a 900 con res

pecto al eje de la sonda medidos:

j T.S.I. 1210-20/'43092/121014



- T.S.I. 1210-20/L43093/121014+

- T.S.I. 1210-20/4~3099/121014

b) Sondas de hilo caliente cilindricos rectos a 900con respec-

to al eje de la sanda modelos:

- T.S.I. 1210-Tl.S/41266/121002

- T.S.I. 1210-%1.5/41268/121002

El li'mite superior de frecuencias y las constantes de

tiempo se han obtenido a una velocidad de aproximadamente 100

m/seg, sometiendo a los distintos sensores a una onda cuadra-

da de 1 Khz y 2 voltios de frecuencia y amplitud respectiva-

mente.

La temperatura de funcionantiento de los-distintos sen-

sores *se comput6 por el mitodo de las resistencias de opera-.

cna partir de los datos suministrados por'eJ. fabricante.

Laley elegida para, simular el compartameinto real de'

la transferencia de calordAesde los traductores fue' la Ley de
King,.por lo que el tratamiento analltico se-realizo' confron-

tando los valores de la tenis'ion DC de salida. del anewm6metro

reducida .par los efectos te'rmicos, esto esE2/(T _T), con el

flujo ma'sico incidente sabre el sensor. De este modo se obtu-

vieron curvas.de calibracio'n universales respecto a Ja tempe-
ratura flulda y al flujo mlsico. Se consider6 tanto a la visco

sidad dina'mica como a la conductividad te'rmica del aire cons-1
tantes e independientes de la temperatura a lo largo de las

calibraciones.

La determinacio'n de las constantes de calibraci6n A, B

y n se realiz6 mediante el programa Fortran "AJUSTE" que hace

uso de las ecuaciones de gobierno de los distintos tramos del

* Icalibrador T.S.I. modelo 1125 y del mfitodo de obtencio'n de so-

luci6n par minimos cuadrados.
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SECCION I

CALIBRACION DEL SENSOR DE HILO'CALIENTE RECTO A 900 CON RESPEC

TO AL EWE DE LA SONDA T.S.I. MODELO 1210-TI.5/4+1266/121OO2



I N TA N*de Inforne 1-231/510/84.076 - pq .

DATOS TECNICOS

- Fecha de calibracio'n: 25 de Octubre de 1984

- Caracter'sticas del sensor: Sensor de hilo caliente cilindri-

co recto a 900con respecio al eje de la sonda, con una longi-

tud de area sensible de 1.25 mm y un dia'metro de 4 micras

Crazo'n de forma de aproximadamente 312.5), con distancia en-

tre los soportes de 1.5 mm., compuesto de Tungsteno y lami-

nado de Platino).

- Utilidad del sensor:Para determinar la velocidad media e in.;
tensidad de la turbulencia en la direccio'n del eje de la son-

da.

DATOS ELECTRICOS

Rint'erna 20.26 .

R(OC) =5.35 Q
R(22 0 C).. 5.93 Q
R(100 0 C) 7.43 .

Roperacio'n z10.81

Obteniendose a aproximadamente 100'mlseg. una constante de tien

po tz 5 aMs lo que comporta un'llmite superior de frecuencias de

hasta 154 Khz Cmaxio-posible de-600.Hkz).

CONSTANTES DE CALIBRACION

La sonda se calibro6 segu'n-. la ley de King en la forma:

- E n
T7:T 2A+B(Fv)

donde E es la tensio'n DC de salida del anemo'metro, Ts la tempe-

ratura de funcionamiento del sensor, T la temperatura ambiente,

Fla densidad y V la velocidad. A, B y n son las constantes de

calibraci6n propias del sensor.
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La temperatura de funcionamiento se deterrnin6 por l~a ex

presi6n:

T= 273.159 + 100 Rs-RO

Los valores de las constantes de cailibraci6n fueron:

nz0.458

A =0.0158 Voltios 2/OK

B a0.0070 Voltios 
2 /O (K/e

T a535.659 OK
S

siendo el ajuste de tensiones de 0.00199 voltios.

La velocidad mn'xia'de utilizaci6n es de 200 mlseg, la

velocidad minima de 0.15 rn/sag. La temperatura arnbierve ma~x-

ma en I& qua se puede emplear- es de 1500C.
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DATOS DE CALIBRACION

PRESION ATMOSFERICA Pa : '<3.5mm HG
NUMERO DE DATOS N z50

D AP T E ERMS D AP T E ERMS
mm mnHO OF volt. mvolt. mm mmH 20 @F volt. mVolt.
16.51 0 72.0 1.981 3.81 40 71.0 3._38

16.51 0.2 72.2 2.451 3.81 1.5 " 3.469

16.51 0.1 " 2.514 3.81 50 71.1 3.497

16.51 0.6 " 2.580 3.81 55 " 3.524

16.51 0.% it 2.627 3.81 60 " 3.548
I'

16.51 1 2.671 3.81 65 " 3.570

16.51 1.5 " 2.729 3.81 70 " 3.591

16.51 2 " 2.786 3.81 80 " 3.629

16.51 2.5 " 2.821 3.81 90 " 3.664

16.51 3 " 2.858 3.81 100 " .695

16.51 1. 2.913 3.81 110 " 3.723

16.51 S , 2.954 3.81 120 , .750

16.51 6 " .986 3.81 130 .775-

16.51 7 " 3.018 3.81 11.0 " .798
16.51 8 3 .038 3.81 1S0 , .820

3.81 9 71.0 3.083 3.81 160 " 3.840

3.81 10 " 3.105 3.81 170 " 3.a59

3.81 12 147 3.81 180 - .877

3.81 1/ " .180 3.81 190 .895

3.81. 16 " .212 3.81 200 " .911

3.81 18 " .241 3.81 210 " .927

3.81 20 " .264 3.81 230 " .957

3.81 25 " .318 3.81 250 71.2 .985

3.81 30 " .364,  3.81 270 " .011

3.81 35 , .4,03 3.81 280 ,, .02"

OBSERVACIONES

I
I

4
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PRESION TEMPERATURA FLUJO IASICO TENSION MEDIA

SIIM.b46 (KI I(6.SE6.HZR #VOLTIOS)

708.500 29S.382 c.0 1.981

708.515 -295o'493 
2.089 2.11SI

708.529 29S.493 20954 2.5191

7080544 29S*493 .3.618 
2.580

108.559 29S.493 14.186 2.621

708a573 295.493 4.678 2.671

730610 29SO493 S*T33 2.729

708.647 295o493 6.616 2.786

708068% 29s.493 7.399 2.821
80.2 9O9 .107 2.858

708.721 295.493 9.360 .913

708.86a 295.493 20.464 2.954

70B.941 295.493 21.46S 2.9a86

739-CI5 295.493 12.o38 3 3.C18

739.089 295-493 13.240 3.03a

739ol62 294.7148 14t.037 3.0.83

709.236 294.739 lq.797 3.10S

709.383 .294.721 1602ow9 so 147T

7-34.53- 2914.-7C ' ITAs0a 3.18a

7n9.6 77 2914.6a7 18.717 3.212

709w.a2i 294.669 19.853 3.241

7139*971 294-.iSZ 23.925 3.264

710.39 294.6,38 2 3.39 5 3.318

717.707 29q.564 25a628 3.364

7 12 1375 294.S21 27s681 3.4a3

72s43294*477 29.592 3e438

1.11294.4-34 31.3873.6
29.4 33.081 3C54

712.547 294.403 3*9 O4

* 712.915 294*359 36.23T .4

713.283 294*316 37.716 3.57a

713.651 294o272 39s139 3.591

.714 3 86 2940186 4 .. 3.629

72S012Z 294.099 44.376 1.664

* 715.85 2940013 44&.775 3.69S

* 715694 293.927 49.057 3.723

717*330 293.840 S1.236 3.750

718.066 293074 53,32b 3.775

* 718.802 293.668 55.330 3o798

719.537 293.5863 57.277 3.820

720.273 293o%97 59154 3.840

7 21 .00,C1 293.4l11 60.972 3.859

721.745 293.326 62.738 3.877

722.481 2930240 640454 3.89S

723.217 293.155 66.126 3.911

723.952 293,07a 67.757 3.927

3 725e424 292*900 70.090 5 309S7

j726.8396 292.7a5 13.911 3.985

729o367 292m616 76.805 14.011

729.103 292.S32 78.2114.2
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TEMPERATURA TENSION EXPERIMENTAL TENSION TEORICA FLUJO MASICO

FLUXOA REOUCIDA RE DUCl OA REOUCIDO

IKR IVOLTIOSI2&*K OVOLTIOS12JK IKSJSE6.M23N

295.382 0. 0163 0.0158 00
295.493 0.0250 0.0256 - .0

295.493 0.0D263 0.0273 1.642
29So493 0l.02 77 0.0284 1.8012
295.493 0.0287 0.0293 1.927
295e493 a.02 97 C0.030 cc -02 T

295.493 0.0310 (r.0313 2.225
*295.493 0.0323 0.0324 2.376

295*493 0.-0332 0.0333 2.501*

29S.493 0.a340 0.0340 2.&08
295.493 0.0I35 3 0.0 3352 2.785
295.493 0.0363 03.0363 2.931

29S.493 0.03371 l. 03 71 3.056

295.493 a. 03 79 0.0379 3. 16 6

295.493 G.0384 0.0386 3.265

2 94 o74a 000395 0.0392 3o353
294o739 0 34 013 0.0398 3.435

*2.94.721 0.0411 000408 3.581.

294.704 0*042C 0.04 iT 3*7131
294.687 0.04A28 a. 04 2 3.825
294.669" 7.0436 a.04ft32 3.9m1
294.652 0.0442 0.0439 '4o326
2 94.638a a e345S7 (I.045 3 -4.237

294.564 000469, 0.0466 4.418
2'94.5. 00480. 0. 0%TT 4.576

294o477 a*.04 90 0.0 (48a7 40718

294o.134 .0.04 99 a.0496 .&4.847
294.446- ClOS07 0.01504 40966
294.403 0.0515 GoO517 5.075,

*294.359 0Y.0527 0.0519 5.17T
294o316 0.05S28 0.0eC526 5.273
294.272 0.053q 0. 05 32 5'.363
2914.186 0.05l45 Mo.0543 S.531
294.1399 0.05 56 . 0?.0554 5.681
79%.013 a.0565 . 0.0564 50819
293.92T (1.0573 0.*0573 5.948

*293.840 0.0582 0.0581 6.067
293.154 a.0589 0.0589 6e179

293o&68 0.05S96 ir059s 6.285
293.583 O.0603 0.0603 6.e385
293o497 a0.06i09 (390610 6.480
293.411 a0.061IS 0.0616 6.570

293.326 0.0620 0.*062 2 6.657
293.0240 a0.06 26 0. 06 28 6.7 40'

4 293.155 0.06 32 0.0633 6.819
293.070 0.06G36 a. 06 39 6&896
29Z.900 0.06q5 G-@0649 7.041

292.785 0*065S4 0.0658 7:*176
292.616 0.Q6 62 0.066 7 7.303

292.532 0.0666 040671 7. 364
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SECCION Il

CALIBRACION DEL SENSOR DE HILO CALIENTE RECTO A 900CON RES-

PECTO AL EJE DE LA SONVDA T.S.I. MODELO 1213i-T1-5/41253/1210O2
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DATOS TECNICOS

- Fecha de calibraci6n: 29 de Octubre de 1984

- Caracteristicas del sensor: Sensor de hilo caliente-cillndri-

co recto a 9 0 con respecto al eje de la sonda, con una longi-

tud de area sensible de 1.25 mm. y un ilmetro de 4 micras

(razo'n de forma de aproximadamente 312.5), con una distancia

entre los soportes de 1.5 mm., compuesto de Tungsteno y lami-

nado de Platino.

- Utilidad del sensor: Para determinar la velocidad media e

intensidad de la turbulencia en la direcci6n del aje de la

sonda

DATOS ELECTRICOS

R inte = 0.286..

R(GOC) 5.19

R(22 0 C) 5.73 &.

R(1000 C) 7.21*Q

Roperaci6n =10.50 .2L

Obteni'endose a aproximadamente 100 m/seg. una c onszante de tie

poC: 5ra lo que comporta un 1Amite superior de frecuencias

de hasta 154 Khz (mIximo posible 600 Khz).

CONSTANTES DE CALIBRACION

,.a sonda se calibr6' segi±n la ley de King en la forma:

2n
T5- A + B (?V)n

donde E es la salida DC del anem6metro, T l a temperatura de

funcionamiento del sensor, T la temperatura ambiente, la

densidad y v la velocidad. A, B y n son las constantes de cal-

z braci6n propias del sensor.



INTA - N. de Informe 1-231/510184.076 jPig. 8.-

La temperatura de funcionamiento se determin6 por la

expres ion

T=273.159 + 100 R -R
s R ~100-R

Los valores de las constantes de calibraci'n fueron:

n= 0.14S6

A =0.0163 Voltios 2/OK
B0.0073 Voltios 2 1O K/e.m 2 )n

T=536.030 Y

siendo el ajuste de tensiones de 0.00219 voirios.

Lavelocidad ma'xima en la que se puede em'pJear es de

200 mlseg. y la minima de 0.15 m/seg. La maxima temperatur-a
ambiente es de 1500C.
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DATOS DE CALIBRACION

PRESION ATMOSFERICA Pa = 715.5 mmHG
NUMERO DE DATOS N :50

D .P T E ERMS 0 AP T E ERMS
mm mmHQ OF volt. mVolt. mm mmHO OF volt. mVolt.
16.51 0 70.6 2.018 3.81 40 69.9 3.506

16.51 0.2 70.8 2.468 3.81 1 45 " 3.538

16.51 0.4 " 2.575 3.81 50 i 3.566

16.A1 0.6 " 2.627 3.81 55 " 3.593

16.51 0.8 " 2.673 3.81 60 3.617

16.51 1 70.9 2.720 3.81 65 " 3.639

16.51 1.5 " 2.787 3.81 70 " 3.661

16.51 2 2.839 3.81 80 70.0 3.700

16.51 2.5' 2.878 3.81 90 3.734

16.51 3 71.0 2.916 3.81 100 " 3.766

16.51 4 " 2.972 3.81 110 " 3.795

16.51 5 " 3.015 3.81 120 " 3.822

16.51 6 " 3.049 3.81 130 " 3.848

16.51 7 " 3.080 3.81 140 " 3.872

16.51 8 3.110 3.81 150 70.1 3.894,

3.81 9 6T7 73. 1L42 3.81 160 ". 31

3.81 1 69.8 3.167 3.81 170 .3.93

3.81 12 69.9 3.209 3.81 180 - 3.951

3.81 14 " 3.24.4 3.81 190 " 3.968

3.81 16 " 3.274 3.81 200 " 3.985

3.81 18 " 3.303 3.81 210 " 1.002

3.81 20 3.327 3.81 230 70.2 4.032

3.81 25 " 3.382 3.81 250 " 4.060

3.81 30 " 3.429 3.81 270 " 4.086

3.81 35 " 3.468 3.81 280 " 4.098

OBSERVACIONES

4

III ......... '
I'
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PRESION TEMPERATURA FLUJO MASICO TENSION MEDIA

;'trimP4 IlK ) K G-JSE6MZ) tIVOLTIOSI

715.500 29q.604 0.0 2.018
715.515 299.715 2.102 2.68
715.529 294.715 2.972 2.575
715.54 294.71S 3.640 2.627
715.559 299.715 1.212 2.673
715.$73 Z94.771 4. 70 7 2.720
715.610 294.771 S.768 2.787
715.6147 299. 771 6.657 2.839
715.684 294.771 7.115 2.878
715.721 299.826 8. 156 2.916
715.794 294..a26 9.4117 2.972
715.868 299.826 10.527 3.015
715.91 294.826 11.535 3.049
716.015 294.826 12.1.58 3.08C
716.089 291..826 13.320 3.1 10
716.162 299.026 14.124 3.192
716.236 294.373 14.886 3.167
716.383 294.112 16.306 3.209
716.530 294.099 17.612 3.2qq
716.677 299.*077 18.829 3.27.
7 16.8 2q 29 4. 06 0 19.972 3.303
716.971 294.042 21.050 3.327
717.339 294.000 23.535 3.382
717.707 293.956 25.781 3v429
718.075 293.913 27.84.7 3.4.68
718.43 293.870 29.769 3.506
718.811 293e827 31.574 3.538
719.179 293.784 33.282 3.566
719.547 293.71 34.905 3.593
719m915 293.698 36.457 3.617
7204283 293.656 37.945 3.639
720.651 293.613 39.377 3.661
721.386 293.583 42.090 3.700
722.122 293,497 44,642 3.73
722.858 293.912 47.055 3.766
723.594 293.327 q9.350 3.795
724.330 293.241 51.5q3 3.822
725.066 293.156 53e645 3.898
725.802 293.072 55.668 3.872
726o537 293.04.2 57.61%. 3.8994
727.273 292.957 59.502 3.915
728,09 292.872 61.331 3.933
728.74 5 292.788 63.107 3.9SI
729.481 292.703 64.83q 3.968
730.217 292.619 66.515 3.985

-3 730.952 292.535 68.155 4..002
732.424 292.422 71.315 1.032
733.896 292.255 74.346 4.060

e735.367 292.087 ?7.257 19086
736s103 292a004. 78e672 4.1396



I N T A N. Pig.

TEMPERATURA TENSION EXPERIMENTAL TENSION TEORICA FLUJO MASICO
FLUIDA REDUCIDA REDUCIDA REDUCIDO

49I iVOLTIOS12JK OVOLTIOS3ZK CKGISEG.M21N

294.634 0.0169 010163 0.0
294.715 0.0252 03.0265 1.403
294.715 0.02 7S 0.0282 1.643
2 94' .715 0.0286 0.02 94 1.802
294.715 0.0296 0.0303 1.927
294.771 0.0307 0.0310 2.1027
294.771 0.0322 0.0324 2.223
294.771 0.0334 00335 2.374
294.771 0.0343 0.0314 2.498
294.826 0.0353 0.0352 2.604
294.826 0.0366 0.0365 2.780
294.826 0.0377 0.0375 2.925
294.826 0.0385 0.0384 3.050
294.826 0.0393 0.0392 3.159
294.826 0.0401 0.0399 3.257
294.026 0.a4 08 0.0,06 3.345
294.073 0.04 15 0.0412 3.426

.294.112 0.0426 0.0422 3.571
294.094 (.01435 0.0431 3.699
294.077 0 .044 3 0.0440 3.81q
294.-C63 0.045 0.04417 3.917
294.042 0.a457 0.0454 '1.012
294.000 a.04 73 0.O3469 4.222
293.956 a.3 486 0.0482 4 401
293.913 0.0497 0.0494 q.558
293.870 0.0508 0.050q 4.699
293.E27 0.0517 0.0513 4.827
293. 84 0.0525 0.0522 4.945
293.741 0.0S33 0.0530 5.053
293.698 0.0540 0.0537 5.154
293.656 0.3S46 0.0544 5.249
293.613 0.0553 0.0550 S.339
293.583 0.056 5 0.0562 S.503
293.497 005 7s 0.05 73 5.653
293.412 0.0585 0.0583 5.790
293.327 0.05 93 0.0593 5.918
2930241 0.6 02 0.0601 6 .036
293.156 0.0610 0.0609 6.l47
293.072 006 17 0.06 17 6.252
293.042 0.0624 0.0624 6.350
292.9S7 0.0631 0.06 31 6.444
292.872 0.0636 0.06 37 6.S34
292.788 006 42 0.0643 6a.62:
292.703 0.0647 0.0649 6.702
292.619 000652 0.0655 6.780
292.535 0.0658 0.0661 6.856
292.422 0,0667 0.0671 6, 999
292.255 0.0676 0.06 81 . 133
292o087 0.0684 0.0690 7.259
292.004 000688 000694 7.*320
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SECCION III

CALIBRACION DEL SENSOR DE PELICULA CALIENTE RECTA A

900 CON RESPECTO AL EJE DE LA SONDA TSI MODELO 1210-

20/43092/121014

I I



DATOS TECNICOS

-Fecha de calibracion: 17 de Octubre de 1984

- Caracteristicas del sensor: Sensor de pellcula caliente ci

lindrica recta a SO0con respecto al. eje de la sonda, con una

longitud de area sensible de 1.0 mm. y un dig.metro de S4.}Lm.

(razon de forma de aproximadamente 19.6), con distancia en-

tre los soportes de 1.67 mm., compuesto de Platino sobre

un substrato de cuarzo.

- Utilidad del sensor: Para determinar la velocidad media e

intensidad de la turbulencia en la direcci6n del eje de !a

sonda.

DATOS ELECTRICOS

Rinterna 202

R(22.8C) 7.3

R (10-) 7. 97 -

R 6 oprcon29.50 2X.

obteniendose a aproximadamente 100 m/seg una constante

de tiempos --= 101.s lo quo comporta un 11mite superior

de frecuencias de hasta 100 Khz Cmacimo posible de 250

Khz).

CONSTANTES DE CALIBLACION

La. sonda se calibr6 segu'n la Ley de King en la forma:

E A + B (T V)n
T 5 -T
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donde E es la tensi6n DC de salida del anemo~metro, T la tern
S-

peratura de funcionarniento del sensor, T la temperatura am-

biente, ? la densidad y V la velocidad. A, B y n son las cons
tantes de calibracio'n propias del sensor.

La temperatura de fu.ncionamiento se determin6 por la

expresi6n

R s-R,

T=273.159 + 100

Los valores de las constantes de calibracio'n fueron:

n =0.522

A = 0.0350 Voltios 2 1/OK

B = 0.0191 Voltios 2/OK CKg/segm2)n

Ta530.8910K

siendo el ajuste de tensiones de 0.00294+ voltios.

La velocidad ma~xima en la que s~i puede emplear es de

350 m/seg. y la minima de 0.15 m/seg. La maxima temperatura

ambiente es de 1500C.
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I N TA N.4 Pao.

DATOS DE CALIBRACION

PRESION ATMOSFERICA Pa =716 mmHG
NUMERO DE DATOS N = 50

0 AP T E ERMS 0 AP T E ERMS
mm rflHO F volt. mValt. mm mmH%2 OF volt. mVolt.
16.51 0 73.5 2.898 3.81 60 72.4 5.871

16.51 0.2 " 3. 780 3.81 45 ,, 5.950

16.51 0.4 " 3.961 3.81 50 it 6.014

16.51 0.6 IV ,.080 3.81 55 " 6.074

16.51 0.% of 4.170 3.81 60 i 6.128
16.51 1 " _ '.289 3.81 65 , 6.178

16.51 1.5 .1404 3.81 70 6.2"27

I°,
16.51 2 +.521 3.%11 80 6.317
16.51 2.5 , .602 3.81 90 6 .4
16.51 3 " .,. 6 7 7  3.81 b 100+ 1 ,1

16.51 . .787 3.81 110 1 6.5451

16.51 5 " .871 3.81 120 " 6.51 .
16.si 6 .947 3.81 130 " 6.S691

16.51 7 .5 008 3,81 140 3.0 6.7131

16.51 8 " 5.064 3.81 150 It 6.766

3.81 9 72.5 S.147 3.81 160 " 6.815
3.81 10 i S.192 3.81 170 " 6.858

3.81 12 .267 3.81 180 " 6.896

3.81 14 .333 3.81 190 73.5 6.932

3.81 16 .390 3.81 200 " 6.968

3.81 18 .443 3.81 210 7.004

3.81 20 .97 3.11 230 7.077

3.81 25 " . 608 3.81 250 " 7.1149

3.81 30 72. 4 .698 3.81 270 " 7.212

3.81 35 " .790 3.81 280 " 7.247

08 SE RVA C ONE S

II
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I N TA J .Pig.

PRESION TEMPERATURA FLUJO MASICO TENSION MEDIA

9 "14. HSI IKI IKG./SEG.M2I IVOLTIOS?

716.000 296.215 0.0 2.898

. 716.015 296.215 2.097 3.780
716. G29 296-215 2.966 3.961
716.0414 296.215 3.632 q.080

716.059 296.215 4,203 4.170
716.0373 296.215 4.697 4.289
716.110 296o215 5.756 4.Itq
716.147 296.215 6.643 q.521
716.184 296.215 7.429 4.602
716.221 296-215 8.140 4.677

716.294 296.215 9.398 A .787
716.368 296.215 10.506 4.871
716.4141 296.215 11.512 4.947
716.515 296.215 12.433 5.008
716.589 296.215 13.293 S.064
716.662 295.582 14.091 5.47
716.736 Z95.573 14.854 5.122
716.883 295.556 16.272 5.267
717.330 2950538 17.576 5.333
717.177 295.521 18.789 5.39C
717.324 295.504 19.9i0 5.443
717.471 295.1486 21.006 5.497
717.839 295.443 23.486 5.60s
718.2)7 295.344 25.729 5.698
718.575 295.301 27.791 5.790
718.943 295.258 29.709 5.871
719.311 295.215 31.511 5.950
719.679 29s.172 33.215 6.0o4
720.047 295.128 34.835 6.074
7 2.4 15 29 Sa.08 5 36.384 6.128
720.783 295.042 37.869 6.178
721.15? 294.999 39.298 6.227
721.886 294.913 42.010 6.317-

1 722.622 294.828 44557 6.4 00
723.358 294.742 460965 6 .478
724.094 294.656 49.256 6.545
724,830 294.571 510444 6.610
725.566 294.48s5 53543 6.669
726.302 294* 732 SS.531 6.713
727.037 294.647 57o477 6.766
727.773 294.562 59.361 6.815
728.509 294.77 61.185 b.85
729.245 294.392 62°957 6-896

- 4 729.981 294.583 64.649 6.932
730.717 294.498 66.0326 6o968
731.452 294.A14 67.962 7.004
T32.924 294o245 71,@119 7.0l77
734.396 294.076 74.141 7.149
735.867 293.908 77.044 7.212
7 36.6 03 293.824 78.455 7.247



Pig.

TEMPERATURA TENSION EXPERIHENTAL TENSION TEORICA FLUJO MASICO

FLUIDA REOUCIA REDUCIDA RE DUCIDO

SKI I VOLTIOSI 20K VOLTIOS12JK IKGJSEG.JIZN

296.215 o.0358 0.035a. 0.0
296.215 0.0609 ..4631 1.q72
296.215 0.0669 0.0687 1.764

* 296.215 0.0709 0.0725 1.961
296.215 0.0741 0.0754 2.116

296.215 0.0784 0.0778 2.242
1296.215 0.0826 0.0826 2.493

296e215 0.08 71 0.0863 2-687

Z96.215 0.0902 0.08 94 2.849
a96.215 0.0932 0.0921 2.988

* 296.215 0.0976 0.0965 3.22

296.215 0.1 0.1002 3.413

296.215 0.1043 0.1034 3.580

296.215 0.1069 0. 1062 3.727
296.215 0.1093 0.1087 3.86-3
295.52 0.1126 061110 3.979
295.573 0.1146 0.1131 q.090

255.556 0.1179 0.1170 f. 2e9

295.538 0.1208 0.1203 4.465
295.52 .1.2 34 0.2233 4.624
29S.521 0.1259 0.1261 1 .768
295.486 .12984 0.1286 4.901
295.483 0.1336 0.1343 5.195

295.34I 0.1378 0.1391 5.448

295.3:31 0.1423 0.1434 5.672

295.258 0.1463 0.1472 5.873
29 5.215 0.1502 0 .1507 6.056
295.172 0.1534 0.1539 6.225
295.12 0.1565 0.1569 6.382
295.085 0.1593 0.1597 6.528
295.042 0.1618 0. 1624 6.666
2942999 0,1644 0.1648 6.796
294.913 0,1691 0.1694 7.037

* 2943828 0.1735 a. 1736 7.257
294.742 0.1775 0.1775 7.459

294.656 0.1813 0.1811 7.647

294.571 0.1849 0.1844 7. 8220=ea O1876 7.987
294.48 5 0.1880
294.732 0.1908 0.1905 8.140

294.647 0.1938 0.1934 8.288
294.(562 .1965 0.2960 8.4292940.1989 0.1986 8.563
294.477 0.2011 0.201 8.6 92

0*202 8,69

294.Sa3 0.2033 0.2034 8.8130.2056 89,

294.498 0.2054 91
294 .4 14 0.2074 0.2078 9 * 6294.245 0.2116 0.2120 9.263

294.076 0.2158 0.2159 9.466
2 93.98 0.2 195 0.2195 9.658

293.824 0.2215 0.2213 9.750

_ ------
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SECCION IV

CALIBRACION DEL SENSOR DE PELICULA CALIENTE RECTA A 900

CON RESPECTO AL EJE DE LA SONDA T.S.T. MODELO 1210-20/

43093/121014

1I
t4

Ii



DATOS TECNICOS.

- Fecha de calibraci6n: 18 de Octubre de 1984

- Caracterl'sticas del, sensor; Sensor de pellcula caliente ci-

lindrica recta a 900 con respecto al. eje de la sonda, con -

una longitud de 1rea sensible de 1.0 mm y un dia~metro de 51r
(razo'n de iforma de aproximadamente 19.6), con distancia en-

tre los soportes de aproximadamente 1.67 mm., compuesto de

platino sabre un substrata de cuarzo.

- Utilidad del sensor: Para determinar la velacidad mnedia e-

intensidad de la turbulencia en la direcci6n del aje de la

sonda.

DATOS ELECTRICOS

R interna 0.20

R(OO C) 6.U'4 &

R(230C) 6.82 j

R a .8 9
operacion

Obteni~ndose a aproximadamente 100 m/seg. una constante de

tiempos t 6 Glo que cornportca un 11mite superior de frecuer.-

cias de hasta 166 Khz (miximo posible de 250 Kh-z.)

CONSTANTES DE CALIBRACION

La sanda se calibro' seg~in la Ley de King en la farmna:

S - A + B ( V)n

dande E es la tensi6n OC de salida del anem6metra, T s a tempe-

ratura de funcionamiento del sensor, T la temperatura ambiente

? la densidad y V la veliocidad. A, B y n son las constantes

de calibracio'n propias del sensor.
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La temperatura de funcionamiento se determin6 por la

expresio'n:

Rs-Ro

Ts=273.159 + 100 R 0oo- R,

Los valores de las constantes de calibracio'n fueron*

n=0.511

A =0.0335 Voltios 2/OK

B =0.0188 Voltios 2/OK CKg/segm2)n

T= 54S.3810 K

siendo el. ajusme de tensiones de 0.00391 Voltios.

La velocidad maxima-en la que se puede emplear is ie

.350 miseg y la minimna de 0.15 m/seg. La maxima zemperatura

ambiente es de 1501C.



INTA N.* Pg.

DATOS DE CALIBRACION

PRESION ATMOSFERICA Pa = 1 0 1 -S mm HG
NUMERO DE DATOS N =50

D AP T E ERMS 0 AP T E ERMS

mm mrrnHO OF volt. mVolt. mm mmH-1 . OF volt. mVolt.
16.51 0 73.0 1.938 3.81 40 72.5 5.899

16.51 0.2 73.3 3.785 3.81 45 " 5.968

16.51 0.4 3.976 3.81 50 -it 6.031

16.51 0.6 " 4.115 3.81 55 " 6.091

16.51 0.1 " 4.212 3.S1 60 " 6. 144

16.51 1 4.324 3.81 65 " 6.195

16.51 1.5 4.457 3.81 70 -6.242

16.51 2 3.81 80 _ 6.329

16.5i 2.5 4.649 3.81 90 6.407

16.51 3 4 .725 3.81 100 Is. - -7

16.51 4 14 .. 837 3.81 110 " 6.546

16.51 S " 4.926 3.81 120 6.6091

16.51 6 . 3,81 130

16.51 7 ,, 5.056 3.81 140 , ,72

16.51 8 ,, 5.104 3.81 150 6.772

3.81 9 72.5 5.176 3.81 160 " 6.818
3.81 10 "f 5.222 3.81 170 " 6.862

3.81 12 " 5.303 3.81 180 " 6.902

3.81 14 , 5.374 3.81 190 " .942

3.81 16 " 5.434 3.81 200 " .979

3.81 18 " 5.487 3.81 210 .016

3.81 20 "54 0  3.11 230 73.0 7.086

3.81 25 3.b4 3.81 250 1 .14,i

3.81 30 " 5.737 3.81 270 7.207

3.81 35 " 5.817 3.81 280 7.236

OBSERVACIONESI
I NI " I IST [ I F . . . . .. ."T

. ° " " 4 *
'L -I

I



I N T A N. Pig.

PRESION TEMPERATURA FLUJO MASICO TENSION MEDIA

.NG ! IN) | IKS./SEG.m2j IVOLTIOS)

709.50( 295.938 0.0 2e9387090,515 296,10q 2.088 3.785709.529 296.104 2.953 3.976709.544 296.104 3.616 4.115709.559 296.101 4.18S 4.212709.573 296.104 4.677 4.3247 09.6 10 296. 104 S.731 44577090647 296e1Of 6.614 '0.577719.684 2960112' 7.397 8#,649709.721 296.1014 8,61C4 f4 726709,794 2960104 9.357 4.837
7399868 296.lOq 10.460 4.926709,941 296.104 11.461 4.99571C0.iS 296.104 12.379 S.05671,08 9 296.101 13.235 5.104710.162 295.581 14.028 5. 76710,236 295.572 14.786 5-222710.3t3 295.55S 16.198 5.30371 .530 295o537 17.496 5-374710.677 29S.520 18. ?' 5.434710,824 295.502 19o839 5.487
710,971 295,485 20.911 - 5.540711,339 295.441 23e378 5.645
711.707 295.397 25.610 5.737712.0 75 295.354 27e662 5.817712.443 295.310 29e571 5.899712.8 11 295.267 31.364 5.968713.179 295.223 33.061 6.031713.547 295.180 34e674 6.091713w915 295.136 36.215 6.144714o283 295,093 37,693 6.19571%.651 295,049 39.115 60242715.386 2-94o.963 41.814 6329716,122 294.876 44,350 6.4077 16 8 58 294.900 46.738 6.479717.594 294.814 490018 6,546718.330 2940728 51.195 6.609719,066 294.6.t 1 53.284 6,668719,602 294 555 $5293 6o721720,537 294.469 57.232 6.772721.273 294.383 59.1(7 6.818722.309 294,298 60,924 6.862722.745 294o212 62&688 6.902723.481 294.126 640403 6,942

724.2 17 294,041 66074 6.979721.952 293.956 67.703 7.016726o424 293o951 70.828 70086727.896 293o781 73o838 7,149
7290167 293.611 76.729 7*2077 30a103 293eS2 7 78.13% 7,236

4q



Ir

INTA N. Pg.

TEqPERATURA TENSION EXPERIMENTAL TENSION TEORICA FLUJO MASICO
FLU1A REOUCIDA REOUCIDA REDU CIDO

IKI IVOLTIOS)2IK IVOLTIOS3Z/K lKG/SEG.921N

295.938 0.0346 0.0335 0.0
296.104 0.0S75 000609 1.457
296,104 0,,06 34 0.0662 1.739
296.134. 0.06 79 0.06 98 1- 929

296.134 0.07 12 0.0726 2.078
296.134 0.0750 0.0749 2.200
296.134 0.0797 0.0794 2.440
296.134 000840 0.0829 2.626
296-134 0,0867 GODS sa 2.780
296.104 0.0896 0,0883 2.913
296.10.4 0.0939 0.0925 3.135
296a134 0.0973 0.0960 3.319
296.1 4 0.1001 0.0990 3,478
296.1a4 0.1025 0.1016 3.617
Z96.•124 01145 C. 1040 3.743
295.581 0.10 72 0.1061 3.856
295.572 0.1092 061081 3.961
295.555 0.1126 0.1116 4.150
295o537 0011S6 0.1148 4,317
295.523 0.1182 0.1176 41466
295.532 0.1205 0.1202 4.603
295.485 G. 12 28 0.1225 4.728
295.441 0.1275 0.1278 5.006
295.397 0.1317 0.1323 5.244
295.354 0.1353 0.1362 5.455
29S.310 0.1392 0.1 398 S.644
295.267 0.1424 0.1430 5817
295.223 0N 24 S4 0.1460 S.975
295.180 011483 0 14 88 6.123
295.136 O.1508 0s 14 6.260
295.0C93 0.1533 0.1S38 6.390
295.049 0.1556 0.156 1 6,512
294.963 0.1600 0.1604 6.737
294.876 o1639 P.1643 6,9"3
294o9-3(0 0.1676 o 16 78 7.132
294.814 0.1710 0.1711 7,308
294,728 0.1743 0.1742 7e472
294.641 0.1773 0a1771 7,6.26
2 9.555 0180 1 0.1799 7.7i2
294.469 0.1828 O.1825 7.910
294o383 0 18 52 0).1849 8°041
294,298 0.1875 0.1873 6.166
294.212 0,1897 018 96 8,286
294. 126 0.1918 0.1917 8.401
294.041 0.1938 0.1938 8.512
293*956 0*1958 0.1958 84619
293.9S1 061997 0.1996 8.820
293.781 0.20 31 0.2032 9.009
293e611 002043 0.2065 90188
293.527 0.2079 012082 9.273

7 . . . . ..

jr."
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SECCION V

CALIBRACION DEL SENSOR DE PELICULA CALIENTE RECTA A 900 CON

RESPECTO AL EJE DE LA SONDA T.S.I MODELO $210-20/43099/121014

4



I NT A j N. de Informe 1-231/510/84&.076 Pig. 16.-

DATOS TECNICOS

- Fecha de calibracio'n: 23 de Octubre de 1984~

- Caracteristicas del sensor: Sensor de pellcula caliente-

cilindrica recta a 900 con respecto al eje de la sonda,

con una longitud de cirea sensible de 1.0 mm. y un dia'me-

tro de 51 m. Craz6n del forma de aproximadamente 19.6),

cbn distancia entre los sopartes de aproximadamente 1.67

mm., compuesto de platino depositado sobre un sub strato de

cuarzo.

- Utilidad del sensor: Para determinar la velocidad media e

intensidad de la turbulencia en la direccio'n del eje de la

sonda

DATOS ELECTRICOS

Rinterna "02

R(00 C) =7.01 ~

R(21.5 0 C) 7.33 2

R(100 0 C) =8.03 S

Ropi = 9.76

Obtenifindose a aproximadamente 100 m/seg. una constante de

tiempos det a 8.5 )'s lo que comporta un limite superior de

frecuencias de hasta 117 Khz (ma'ximo posible de 250 Khz)

CONSTANTES DE CALIBRACION

La sonda se-calibrd segidh la Ley de King en la forma:

E 2 n
TsT A + (TV)



INTA j N.0 de Informe 1-231/510/84.076 PFig. 17.-

donde E es la tension DC de salida del anemo'metro, T s la tern-

peratura de funcionamiento del sensor, T la temperatura am-

biente, ?la densidad y V la velocidad. A, B y n son las cons-

tantes de calibracio'n propias del sensor.

La temperatura de las constantes de calibracio'n fueron

n 0.531

A =0.0341 Voltios2/1OK

B =0.0174 Voltios 2/0K (Kg/seg m in

T =542.767 *K
s

siendo el ajuste de tensiones de 0.00323 voltios.

La velocidad mAxima en !a que se puede emplear es de

350 rn/seg y la rn~nirna de 0.15 in/seg. La maxima teznperatura an.

biente a la que se puede exponer el sensor es de 150 0 C.



I NTA N.Pig.

DATOS DE CALIBRACION

PRESION ATMOSFERICA Pa 4't- mmHG
NUMERO DE DATOS N = 50

D AP T E ERMS 0 AiP T E ERMS
mm rnHy ) F volt. mVolt. mm mmHO OF volt. mVolt.
16.51 0 71 .914 3.81 40 70.7 5.865

16.51 0.2 " " 3.810 3.11 45 " 5.942

16.51 0.4 i " 3.990 3.81 50 " 6.006

16.51 0.6 " 4.092 3.81 55 f 6.066

16.51 0.8 4.178 3.81 60 " 6.120

16.51 1 71.2 4.310 3.81 65 if 6.172

16.51 1.5 4 4.432 3.81 70 , 6.221

16.51 2 4.541 3.81 80 " 6.317

16.51 2.5 " 4.6f0 3.81 90 " 6.401

16.51 3 4.693 3.81 100 6.4791

16.51 4 71.3 4.798 3.81 110 70.8 6.543
16.51 5 4.8 5 3.1 120 ,, 6.620

16.51 6 4. .953 3.81 130 6.57 7 1

16.51 7 5.015 3.81 140 " 6.7351

16.51 8 5.074 3.81 150 " 6.7881

3.81 9 70.5 5.127 3.81 160 6.841

3.81 10 5.174 3.1 170 6.888

3.81 12 " 5.255 3.81 180 " 6.930

3.81 14 ,, 5.324 3.81 190 ,, 6.971

3.81 16 " 5.383 3.81 200 71.0 7.011

3.81 18 " 5.427 3.81 210 " 7.047

3.81 20 " 5.485 3.81 230 " 7.111

3.81 25 1 5.598 3.81 250 , 7.174

3.81 30 " 5.691 3.81 270 " 7.235

3.81 35 " 5.780 3.81 280 " 7. 265

08 SE RVA ClONES
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INTA Pig.

PRESION TEMPERATURA FLUJO HASICO TENSION MEDIA

MPIM.HG) OKI 4KGo./SEG.M2 IVOLTIOSI

724.500 294o826 000 2.914
7140515 29%o826 2.100 3.810
714o529 29%o826 2.970 3.990
714S.44 294.826 3.637 4.092
71. 559 294.826 •4.208 4.178
714s573 294e938 4.702 4.310
714.610 294.938 5.762 4.432
714.647 294.938 6.650 4.54
714.684 2940 938 7.437 4.610
714.721 294.938 8.149 4.693
714.794 294.993 90408 4798
714.868 294.993 10.517 4.885
714.941 29q.993 11.523 4.953
715.015 2940993 12.446 5.015
715.ls9 294.993 13.307 S.074
715.162 294.47a 14.103 5,,,127
71S.236 294.462 14.866 S.174
715.383 29. 445 .16.285 5.25S
715.530 294.427 17.590 5.324
715.677 294.4 13 18.806 5.383
715.824 294.393 19.946 5.427
715.971 294.375 21.a24 5.485

716.339 294e332 23.S06 50598
716.707 294.289 25.748 5.691

717.07$ 294.246 270811 5.780

717.443 2940314 29.726 5.865

717.811 294.271 31.5218 S.942

718.179 294e228 33.233 6 006
718.547 294.184 34.855 6.066

7180.915 294.141 36e%04 6.120

719.283 294.098 37.890 6.172

719.651 294.055 39e320 6*221

7209386 293.99 42.033 6.317

721.122 293.864 44.581 6.401

721-858 293,798 46o991 6.479

722o594 293.768 490278 6.543

723o330 293,683 51.467 6.620
724.066 293o597 53567 6.677

724.8 02 293.S12 5S.587 6.735

725.537 293e427 570336 6e788

726.273 293o342 590421 66841

7270009 293.257 61.248 6.828

727.745 29 3a 173 G3m02I 6.930

728481 293.088 64.7%S 6.971

729.217 293ol1 G6.413 7.011

7296952 293.030 68.050 7:047

732. 9G 292o693 74.238 70174

734.3G7 292.52S 77.14S 7.235

735.103 292l441 7.S58 7.265

.....



I N TA N6Pig.

TEMPERATURA TENSION EXPERIMENTAL TENSION TEORICA FLUJO MASICO

FLUIDA RECUCIDA RE DU CI DA REDUCIDO

4KI 4*VOLTIO S 2 JK f VOLTIO S 12J K 4KG6SE6.M21N

294.826 0.0342 0.0341 0.0
29q4.826 0.0515 0.0600 1.483
294o826 00642 0.0652 1.782
294.826 .0,0675 0.0687 1.985
294.826 Go0 704 0.0715 2.145
294.938 0.0750 0.0738 2.275
294,938 00793 0.0783 2.534
294.938 0.0832 0.0818 2.735
294.938 0.0858 0.0847• 2.902
294o938 0.0889 0.0872 3.046
294.993 0.0929 0.0915 3o288
294e993 040963 0.0950 3.488
294.993 0.0990 0.0980 3.662
294.993 0.1015 0.1006 3.815
294.993 0.1039 0o1030 3.953
294.470 0.1059 O.10S2 4.076
294,462 0.1078 0.10.72 4. 192
294.445 0.1112 0.1109 4.400
294.427 0.I I1 0.1141 .salt
294.410 ..1167 0.1169 f4.749
294o393 0.1186 0.1196 4 o9C0
294.375 0.1211 0.1220 S.039
294.332 0.1261 0.1274 S.387
294.289 0.1303 0.1320 5.612
294.246 0.13q4 0. 1361 5.846
29 4e314 01384 O.1397 6.057
294.271 0.1421 0.1431 62o49
294.,228 0.1451 0.1462 6e426-
294.184 0.1480 0.1491 6.591
294.141 0 .1 S6 0.1517 6e745
2940c98 0.1532 O.1543 6.890
294.055 0.1556 0o.1567 7.026
293s969 0.1604 0.16 11 7.280
293o884 0.16 46 0.16S1 7.SX1
293.798 0.1686 01-688 7.72%
293o768 0.1719 0.1723 7.921
293.683 0617S9 0.1755 8e106
293.597 0.1789 0.1785 8.280
293.512 0 061820 '0.1824 8.44s
293o427 0.1848 0.1841 8,601
293o342 0.1876 0.1867 8.749
293.2S7 0.1902 0.1892 8.891
293.173 0.1924 0.1915 9.027
293.088 0.1946 0.1938 9.157
293.114 01969 0.1960 9.281
293.030 0.1988 0.1981 9.402
292.861 0.2023 0.2021 9.632
292.693 0e2058 0.2058 9.847
292.525 02092 02094 10. 05
292.441 0.2108 0s2112 10l147

__ _ __ _ _ __ _ _,_ _
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